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Averbukh, B. D. and Chufarov, @. Ie, On the kinetics of reduction and dissociation of silver 

oxide. P. 37 he pg ees neal a 
The purpose of ‘this work consists in the comparison of the rates of reduction and 
dissiciation of silver oxide which, as preceding works of our laboratory showed, makes 2h eee 
‘possible to approach the question :concerning the mechanism of reduction processes in more as 
detail. : eh 
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See aieeeeen of Sulfur ana Selenium,” M. G. Zhuravleva, | 
I. Chufarov, Inst Chem pee Lalas Ural 
filtate,. Acad. ‘Sct. ‘USSR © : 


Zhor Prik. aia vo. XXIV, No. ty pe 28-31. 


 gtudied. ‘sepn “of Se ‘from Ss: ‘for recovery. of: pure S$ from 
flotation | tailings. ~“Qver wide range of concn,- coeff 

rot activity for S and Se were: greater than 1,. indicat- —— 
ing deviation from: ‘law ‘for ideal soln. No azeotropic 
=mixt were formed in S-Se system. Thus components can 


“be sone completely: bh distn.’ Fa 
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CHUFAROV, GC, 


on Retarding ertest: ‘of Gaseous ‘Reaction. Products ‘on oH 
| the Rate of Reduction of Couper: Oxides: With Hydro- 
e “gen and Carbon | Monoxide," Gas. . Chufarov,' B.: Doles 
a “'Averbukh, Ye. . atievskaya,’ 5 K.. Antonov ;": Ural 
' Affiliate,. sae Bet: USER, Inst. of. Chem and ee ae | 
Metallurgy, Sverdlovsk ue 


“"Zhur Fiz Khin" Vol XXVI, No 1, pp » 31-38 


Gaseous ctinte of the reaction, on Sethe adsorbed 
at the reaction surface, bring about a sharp we 
|} lowering of the rate of reduction. A quant 


deteckeica ; ‘for ihe  mataaing effect of £ Cp 3 is : given: : 
The retarding effect of water vapor 4s greater. ‘for. ea 
cuprous oxide than cupric oxide; because the ©. | 
‘adsorption. on cuprous oxide is greater. The re-" 
lation between the values of adsorption. of. Ho: ana. 
CO'is in good agreement with | “kinetic: ‘data for Cud.. 
When Cu,0: is. ‘reduced with CO, ‘there is: ‘Tecrystn of 
newly formed metallic copper, so ‘that the rate fe 
the: ‘Teaction. is oe: severe’: 
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Bj dstract 


: The ee of pea ston. ‘CuO e ‘and i cus” with graphite in vacuum andin ‘the 
presence. of. gaseous: ‘reaction: “products was investigated. Pure ‘¢arbon. ‘di- 


oxide was: found to be the product of the reduction reaction. © The ‘rate of 


~. : peduetion, of: cupric. oxides with graphite. in the presence. of a-gaseous re~ 

~ action ‘vroduct is’ ‘greater than in vacuum which indicated ‘the participation. 
- °. ‘of the’ gaseous: phase in’ the: -reduction process... The reduction with a solid . 
oy pedueing agent:: consists of. two phases: . reduction: of the oxide with’ carbon © 


monoxide and the reaction of the formed COg with the graphite. Nineteen ee ae & 


is references: rcomeh. ‘AGernany 2-English and 1-USA. _Graphs,. drawing. of 


J Institution “1° Acad, of Ses USSR, Ural Branch, “Ins stLbute ‘of Chenistry and Netallurey, 
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Periodical 
‘he | ‘8: investigate “tha ‘effect of. gaseous reaction : products: 
= On the- rate of: ‘reduction. of ferric oxides with carbon. monoxide | and, 
. hydrogen: dn’a pressure range of from.100-250 mm mercury column . rs 
~ and also measured the adsorption: of basic gases and gases obtained — 
during reduction on- the. ‘gurfaces of the oxides. The inhibiting _. 
affect of the gaseous ‘yeaction product C02 during the reduction of 
oe Fe30, and- FeO with: carbon monoxide can be computed quantitatively. . 
2? bye calculating the rate of reaction according to a certain equation, ii 
During. reduction: of Fe 40, 1, with carbon monoxide and hydrogen at - — 
temperatures. above 700° there is practically no inhibiting: effect 
“Of tha: action product. Aone the. initial sar but after. 2 


= Abstra eb 
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coreater ‘can of Fe,0,, is. pei 


; hed 11%, when-a- 
eh inhibiting effect. of. ‘garbon. monoxide and water’ vapor becomes - 
_ great. The experimental: material on the inhibiting effect of - ee 
-° gaseous reaction products on the rate of reduction of the inveotizes: a 


. “Inetdtutdon : 


Sumitted = a 


-- ted ferric oxides ia in agreement with the data regarding the 

- adsorption of gaseous reducing agents and reaction products on the - 

| gurfece of the ‘mentioned oxides... Seven U. 5.5. Re references 1 ge aS 
“., ednee. 1937+ Graphs. eae SF oe ; 


yeaah: of ‘Bo. U.8.8.Re Ural 1 Branch, Institute of Chemistry and 
: Hsteliuney, Srardlover e yay 
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i 3 action. products. were. 
“trap ¢ W ete liquid air for the: purpose.of collecting a 
“the CO,. mabe: ‘amount. of carbon monoxide (CO) formed: during the reduction: pro- | 
os was determined by the. difference. between loss in weight and amount of . 
ee Lost ‘through’ ‘freezing. - Data regarding rate of reduction and apparent. 
: he ivation energy values are. presented,’ Results of x-ray analysis of the ~ 
“2 solid reduction: products | are shown: in table. Seven’ references: -6-USSR and. 
Merman. (1925-1945). Mable 5: graph. . 


ion." Acad. ‘of. Se ‘USSR, ‘Ural Branch Institute of Ghent and Metallurgy - : 
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~ ,.,0f_} . auction by. solid care 
“yon in’a yacuum et 150- ~950° is statteds FAsily reducible. 
oxides. C Fe30h, Ag20,. NiO- and Co304 in quantities of 5% 
of I wei nt do- Snot 4nfluence: materially the rate of reduction; 
put the aifficultlyreducible ‘oxides CaO, MgO, side and- A1203 
. delay I reduction, probably by formation of a surface compound 
vith I. Addition of 1-10% of Cac03 oF NajC03 does not influ- 
ence considerebly reduction of I by graphite. Addai tions of 1- 
10% of KpC0,-also of KOH. accelerate considerably reduction of 
I by teen de and y birch coal.. Maximum of acceleration is 
‘obtained at 3% of K 2003. The reduction of I by birch coal is 
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ey EP oe ae SOV /137-58-12-24275.° 
Translation. from: Referativnyy zhurnal._ Metallurgiya, 1958, Nr 12, p 50.(USSR) =| 
TITLE: ©. “Gontribution to the ‘Investigation of the Problems of Heavy Nonferrous . 
Metals Metallurgy -(K issledovaniyu problem metallurgii tyazhelykh 9% 
tsvetnykh metallov) ~ : Vee oe. 


PERIODICAL: Tr. In-ta.metallurgii. Ural'skiy fil. AN SSSR, 1957, Nr ly pp 5-13. 


ABSTRACT: ‘A. review of studies of the. Institute of Metallurgy, Academy of Sciences, ae 
ne USSR, in which special attention is given to questions of oxidation of 


the sulfides of the nonferrous metals and to complex utilization of raw oe 
material. — - : : 


‘esc: 
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CHUFAROV, G. Z 


we 137-58-4-6761 
Translation from: Referativnyy. zhurnal, Metallurgiya, 1958, Nr 4, p 65 (USSR) ees 
AUTHORS: Diyev, N. P:, .Chufarov,: G.I. Games 
Investigation of ‘Problems of the Metallurgy of the Heavy Non 0 
ferrous Metals at the Institute for Metallurgy of the Urals Branch, z 
Academy of Sciences, USSR (Issledovaniye problem metallurgii. ~ 
tyazhelykh tsvetnykh metallov v Institute metallurgii Ural'skogo 
filiala AN SSSR) 


TITLE: 


' PERIODICAL: Izv. vost. fil. AN SSSR, 1957, Nr 8, pp 143-154" 


aS review of the work done by the Institute for Metallurgy of, 
the Urals Branch, Academy of Sciences, USSR. Biblicgraphy: _ - 
58 references. ees ae 


‘ABSTRACT: 


1. Metallurgy--Bibliography 2. Scientific reports--Review 
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AUTHORS: ‘Lisnyak., S. 8., Tatiyevekaya, Ye. P. 20-4-'35/52 


TITLE: The Reduction of Higher’ Jron Oxides by Graphite and Charcoal With —- 
tHe Addition of NagC0z and KpC03 (Vosstanovleniye vysshikh okis-  .-.- 
lov zheleza grafitom i drevesnym uglem s dobavkami NagC0z i KoC0z). 


PERIODICAL: Doklady AN SSSR, 1957, Vol. 116, Mr 4, pp. 656-659 (USSR) 


ABSTRACT: The purpose of present investigation is the clearing of the ki- ie 
netics and of the mechanism of the reaction mentioned in the title, 
since there are only few data about it in the papers published | 
up to now. The experimental method is described. Figure 1 shows 
that the reduction of iron oxide by charcoal takes place witha’ | 
considerable velocity already at 7oo°. At 750° the reduction took 
place quicker than in the case of use of graphite at 850°. The ad- 
dition of Naj003 and K2C03 accelerated the reduction by charcoal’. 
at 700°: only :to an unimportant extent. In the case of graphite ; 
the acceleration at 800° was greater. The reduction of the magne- 
tic iron oxide began at800° (figure 2), by graphite at 950° (fi- 
gure 3). The addition of NagC03 and K,CO; accelerated the re- 
duction velocity of Fez0, by both coal species. This was the case 
with charcoal at 800° éo an unimportant extent. The addition of . vee 
Card 1/3 the two carbonates at 850° accelerated the reaction to a great 
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~The Reduction of Higher Iron Oxides by Graphite and Charcoal With 20-4-3541 


“extent. In’the-case of -graphité (figure 3) and at 900-1 000°" the 
acceleration’ was alsogreater. The addition of KyC0,-was in all 
“eases more efficient than ‘that of NajCO The reduction velocity 
‘by charcoal decreases in-the course of the process. In the case of 
. “graphite-a°minimum occurs which corresponds to the begin of the 
‘reduction’ of FeQ——>Fe. Furthermore the COj- concentration in the 
gas-like reaction products “is discussed. According to the present 
“cohception of the reduction mechanism of the iron oxides by carbon 
_this process takes place by means of the developing carbon oxi- 
det Fe,0, + COP Fe,0,4"+ C0p,:COp + C—P2C0.The acceleration 
of the r¥duction of the higher-iron oxides is explained by the fact 
that in the case of using graphite the velocity. of the carbon 
oxide formation is lower than in the case of charcoal. The re- 
_ duction of Fez0, up to FeO at higher temperatures is explained by 
“the fact: that’ the’ gas necessary for it cannot be produced with a 
C05 content higher than 60 - 80%, in consequence of the tempera- 
ture rise. The influence of NajCO, and K CO; can be connected 
1) with the formation of surface dompoui s which facilitate the _ 
pgocesses of the adsorption-chemical interaction, 2) with the Ld 
penetration of atoms or ions of the alkali metals into ‘the lattice © 
of. the oxide and the carbon. This leads to an inc#ease of the 


the 
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Bogoslovskiy, V.-N., Zhuravleva, M. G., - SOV/20-123-1-22/56 
“Chufarov, G. I., Corresponding Member, Academy of Sciences, 
2 USSR ang ee ne % pe 


Minicom! es 
On the Reduction of Nickel Ferrite by Graphite (0 
_vosstanovienii ferrita nikelya grafitom) 


Doklady Akademii nauk SSSR, 1958, Vol 123, Nr 1, = 


The mechanism. of: crystallochemical transformations in .— 
the reduction of. metal oxides by graphite has been . 
-intensely studied on iron oxides (Ref 1). But in the 
reduction of complicated compounds, in the crystal 


_ lattice of which-atoms of various metals are occurring, © 
essential deviations might be expected. Ferrites 


‘of the type ue*+Fepto and such with a spinel. structure 
are worth to ‘be thorodghly investigated as they re- 
present a valuable material in the production and use 
of semiconductors. The nickel ferrite investigated 

was produced by sintering of an equimolar mixture of 
Fe 0, and NiO for 30 hours at 1200°. As reducing 
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: * deenke: graphite. tron Acheson electrodes was used 
: -- which’ was annealed in: ‘the vacuum at 1100°, Ferrite 
was: carefully powdered with graphite and then sub- 
- jected to reduction. The amount of graphite was three 
times the ‘quantity theoretically required for a 
complete. ‘reduction, the annealing was performed in 
the air, but -the gaseous reaction products were 
‘always pumped. off.and CO, was gathered in a trap dipped - 
into liquid. nitrogen, “and. periodically determined. Table 1 
shows the variation of the rate of the reduction process 
‘of nickel ferrite at 950° in dependence upon the oxygen 
amount withdrawn. Initially, up to 20% of this amount, 
the rate is somewhat reduced. After the withdrawal 
of 45-50: %. oxygen the rate of reduction considerably 
increases and reaches the maxinum at 80%. This kind 
of kinetics points to. the essential role of the crystallo- 
chemical transformations during the reduction. The X-ray 
_.investigation of the solid products of reduction showed 
. that they consist at the beginning (up to 20%) of nearly 
Card 2/4 can Bure metallic nickel, Its teu reee parameter is 
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39517 - 3,520 8. Later, the parameter of the lattice 
Of the mevallic phase increases, which enlightens the 
increasing iron: content in the niokel. The dependence 
_ of the mentioned lattice parameter of the metallic 
phase upon the oxygen content in the solid phase is 
given in figure 2. The ‘parameter is maintained on 
‘further reduction up to 50% of the reduction and then — 
increases again.. The maximum of 30581: 2 is reached at 
10%. The reduction mechanism of nickel ferrite by : 
graphite in vacuo. is determined both by the ion diffusion 
in the surface layer and by the steric ion diffusion : 
in the depth of the crystal lattice. This mechanism 
differs from the reduction by gases (f.i.by hydrogen at 
- 400°), in which the sterie diffusion is without im-. - 
portance and where the “lattice transformationg is 
mainly achieved by the superficial ion diffusion. There 
_ are 3 figures and 2 references, 1 of which is Soviet. 


-. ASSOCIATION: Institut metallurgii Ural'skogo filiala Akademii nauk SSSR 
Card 3/4 _ (Institute of Metallurgy of the Ural Branch of the Academy 
; ‘of Sciences, USSR) : 


APPROVED FOR RELEASE: 06/12/2000 CIA-RDP86-00513R000509030003-1" 


"APPROVED FOR RELEASE: 06/12/2000 CIA-RDP86-00513R000509030003-1 


CHUFAROV, GeI.; AVERBUKH, B.D.; VETRENEO, Ye.A. 
tae, : , ; 
Kinetics of sinc sulfide reduction by carbon monoxide and 
‘ipasenen Trudy Inst.met.UPFANW SSSR no.3:43-50 '59. (MIRA 13:4) 
. : (Zine--Metallurgy ) 


APPROVED FOR RELEASE: 06/12/2000 CIA-RDP86-00513R000509030003-1" 


"APPROVED FOR RELEASE: 06/12/2000 CIA-RDP86-00513R000509030003-1 


DS Ca rae ae 


” SHURAVLEVA, MeG.; CHUFAROV, G@.Ie 
, os aoe 


Reduction of nickelous and cobaltous oxides by a Aaa a) 
Inst.met.UFAK SSSR 1003263966 '59e MIRA 13: | 
" (Wickel--Metal lurgy ) (Codalt--Metallurgy 


APPROVED FOR RELEASE: 06/12/2000 CIA-RDP86-00513R000509030003-1" 


ne TITLE: ‘Reduction of Copper Ferrite with Graphite 
PERIODICAL: Fizika meta 
Beate Oe gD 


"APPROVED FOR RELEASE: 06/12/2000 


CIA-RDP86-00513R000509030003-1 


LIB os * 


oe ee  PASHOS 8 5 
g0v/126-8-5-17/29 - a 
caeeag es 


. AUTHORS: Stafeyeva, NM 8 VN, & 


5 Lov i-metallovedeniye, Vol 8, 1959, Nr 5, 
“pp 740-746 (USSR) = ae i ee 


-— Apgopact: ‘the authors describe their investigation of the kinetics: 


and mechanism of the reduction of the tetragonal and 
cubic forms ot copper Per te een with graphite in 
uum. The graphite owder was prepared by grinding - 
Acheson electrodes. and ‘ealeination at 1200 OCG without 
‘air and in a vacuum at 1000 oc, The ferrite was a 
obtained from a mixture .o .Fe20 
by heating in air at 1000 °C 
rapidly in water the cubie f 
at 700 °C and cooling slowly gave 
For the reduction a 
apparatus with a qua 
sample weight being 0.5 g fe 
-Preliminary degassing of .the thor 
effected at 300 OC and 10-9 mm Hg. 


determined together with the corresponding 
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arta scre er ee ~ g0V/126-8-5-17/29 
oe Reduction of Copper Ferrite with Graphite . a eee 
carbon dioxide. evolved (trapped in a Low-temperature trap) 
and from the difference the weight of carbon monoxide was Cee, 
The solid reaction products were studied by 

X-ray diffraction, the lattice parameters being _ 

determined :by graphical extrapolation. — 


occurs in.a stepwise manner: 
. At 650, 700, 750, ( , 
only the first stage occurs, ‘at 900 OC and over all three. 0) 
The reduction rates: of the first and third stages show a 
By. reducing. the. tetragonal form above the 
‘transformation temperature a 
copper is obtained, this being associated with the 
simultaneously oceurring process of the transformation 


CIA-RDP86-00513R000509030003-1 


67764. 


Fig 1 shows rates 2 


of reduction as functions of degree of reduction at 650, 
700, 750, 800,.900 and. 1000 o¢ for tetragonal ferrite; 


The corresponding 


curves for the tetragonal and cubic: ferrites are compared _. 
Fig 4 shows degrees of reduction as functions 
of time for the tetragonal form ab 800 and 906 OG, and» 

Fig 5.the lattice parameter of this ferrite with respect 
“For both forms the reduction 


CuFeo0, —$ Cu + Fe30k5 
and 800 °C 


solid solution of iron in: 
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; WE e Sek 30V/12f~B- 517/29 

-. Reduction of Copper Ferrite with Graphite ; 

wats of the tetragonal copper~ferrite lattice into the cubic. 

fhe authors suggest the following reduction mechanism. 
‘As oxygen is removed from the ferrite surface an excess 
of iron and copper ions is produced, Copper being less 
firmly attached. to oxygen forms a metallic phase, while 
the iron diffuses into the ferrite particle, displacing 
copper. Part of the trivalent iron ions are reduced to 
the bivalent form, the ferrite lattice then approximating 
to that of magnetite. After all the ferrite has been 
‘converted to magnetite the reduction of the latter begins, 
which proceeds as :described by. Arkharov, Boyoslovskiy, 


Zhuravleva and Chufarov (Ref 7). 


i hich 
There are 5 figures, 1 table and 7 references, of w 
ria -3 are Soviet, 2 French, 1-English and 1 Acta 
 Crystallographica. 0 . 
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“5 AUTHORS? =~ Zhuravleva, M. a.,  Bogoslovskty, V.N.; Guanes. G.I. 


gg: The Reduction of: Wheel and Cobalt Ferrites by Hydrogen 
PERIODICALS ; Zhurnal priicladnoy, wninit, 1959, Vol 32, Nr 5, pp mas9-116 (usr). a ; 


= ABSTRACT: ee Ferrites are’ ‘couples ‘oxides. of ‘the ‘formla MFe0),5 where Mw 4s” a opto eee 
--"-valent metal ion, . The ferrite formation of the mixtures. NiO + Fe,0,:: 
and CoO. + Fen03: starts at 700 - 800°C, At 1,100°C the reaction pro=- eee 
ceeds very. intensively. After ‘calcination for 30 hours, cobalt. ferrites 
“pave & crystal. lattice of 8. 376 t 0.003A, nickel ferrites of ts 
8.333: +.0.005 A.’ The reduction by hydrogen was ‘sarried out in a closed. 
‘apparatus at 300 - 500°C and 200 mm Hg. The ferrites are. reduced as . . 
: | ‘chemical: compounds without. preliminary decomposition to oxides. ‘The mie 
ee final’ product: isa solid solution of metals, gta Pa 
ne “are-3. graphs and <5: Sov, at. references. 
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500 /76-33-8~28/39 
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- ‘on the Kinetios of the Reduction of Magnetic Iron Oxide With 
aoe ee ee renee 
‘PERIODICAL: one fizicheskoy khimii, 1959, Vol 33, ¥r 8, pp 1840-1846 2 
Peg (UBGR) S22 Gb Te Heads 


£K,C0,) Na 


ABSTRACT: It: has been noted ‘(Refs 4-4) that the rate of reduction of. 
iron oxides depends on the type of coal used, as well as on ee 
the alkali and alkaline-earth additions in the layers. In Rie ea anty ee 
the present case, the influence of K,CO, (I) and Ne,co CEE) eG 
additions (1% by weight) as well as A130, (III) and sid, IV). 
(5% by: weight): was investigated. Magnetite (V) yas obtained _ 
. by the oxidation of iron sponge with C0, at 800 C. The reduc~ 
- dng agent was Agheson graphite (A) and charcoal (C) (birch 
‘gharooal). The atudies were made in a unit (Pig 1) which - 
permitted the analysis of the gaseous reaction products withe 
‘cut interruptihg the experiment. The reduction of (V) with | 
(¢) and the additions took place at 800-900°, while the. oe, 
Card 1/3 experiments with (A) were carried out, in the main at 950-1050°C.. 
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“Gnfluence of the Additions of Kp00;, fa,C0,> Al,0;, and Si0, on the 
Kinetica of the Reduction of Magnetic - Iron Oxide With Coal a 


“ye was found. that the reduction with (C) takes place at lower | 
- temperatures than it does ‘with (A), which is explained by the 
faster formation of cO (by which $he reduction ie caused) in 
the former case. The additions of (I) and (II) accelerated ao 
the reduction, (II) having a stronger effect than (I)o The 9: 
- accelerating effect of (1) ana (II) is explained by the intro- . -. 
— duction of the potassium ae sodium ions or atoms into a 
the oxide lattice and. the (c 
which the adsorption= and chemical-reaction processes are 
facilitated, and chemical surface compounds are formed: as. 
well. The addition of (III) or (1¥) either did not influence = . 
the reduction process at all,-or formed iron aluminates and/or 
silicates, and inhibited the process by reducing the CO. ~ cs 
formation. The results of the investigations suggest that . Tus 
the reduction of (V) with (¢) ina vacuum takes place simul. 
taneously in two reaction zones, while there ig one reaction ~ 
zone only in the case of (a). There are 4 figures and 14 
references, 9. of which are Soviet. 


Card 2/3 


APPROVED FOR RELEASE: 06/12/2000 


CIA-RDP86-00513R000509030003-1" 


"APPROVED FOR RELEASE: 06/12/2000 CIA-RDP86-00513R000509030003-1 


oe ey has a SOV/76-33~8-28/39 
x Influence of the. Additions of K00,) ¥a,00 30 Al,035 and 5i0,, an she" 
oes Kinetics of ‘the. ‘Redustion of Magnetic “Tron. Oxide With Coal , 


"ASSOSTATION: ‘Ural 'ekiy filial: Akademii nauk SSSR Inatitut notallurgii 


_ Sverdlovsk eee 
(Ural Branch of the Academy of Sciencea. USSR, Institute of a 


Metal lurey Sverdl ovak) 


SUBMITTED: . February 12,°1958 ~ 


Sols Card 3/5 


APPROVED FOR RELEASE: 06/12/2000 CIA-RDP86-00513R000509030003-1" 


5 4) : 
N., sov/2c-1 26-3-46/69 
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TITLE: qhe Effect of Potassium and Sodiun Carbonates on the 
; obalt Ferrites by Graphite 


- Reduction of Nickel and ¢ 
y kaliys 4 natriya né 


dtoy nikelya 1 kobal'te grafiton) 

| PERIODICAL: Doklady : 1959, Vol 126, Nr 3s 

oe pp 6232625 (USSR) : 

ABSTRACT? es me authors ugedtachesonovakiy*[Abstzector,: 
graphife,ahich, was ,vacuum-anneo) oF at 1100° as & reducing oa 
agent.for. the ‘ferrites mentioned in the title. Its quantity: 

~ was in every test 3 times the quantity necessary for reduction 
to the metal. The edmix nates amounted - 
to 1-% of the ferrite weight. A vacuum 
magnitude of :10- mm mercury column was maintained in the — 

-reaction area. Figure 1 yepresents: graphically the test results 

which show that the mentioned salts gpeed up the reduction 

referred to: K,C0, by 100 fold for nickel ferrite, and by 


several dozens for cobalt ferrite. The efficiency of Na,C0, 


note: Acheson's 7) — 
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is_much lower: (Figs 1a and 1b). The influence of the = 
admixtures is not restricted to a simple acceleration - they: 
also may.change the character of the process (Ref 3)» X-ray 
structure. investigations of the solid phase have shown that, 

‘in. the nickel reduction by graphite, metallic nickel is. ane 
formed in the first stage, while the 4nitial ferrite approaches 


the magnetite.: In further reduction, the metallic phase is — 
enriched by, iron (Fig 2). The authors carried out an X-ray 
structure analysis of the solid products of a nickel-ferrite 
reduction by graphite with an addition of 1% K,C0,+ It was: 
found that in this case -the reduction product is & solid solutio 
| Wi-Fe with a variable concentration. The phase with & 

lattice of. the spinel type» i.e. ferrite, is present until 

the 71 % reduction is finished. At a 51 % reduction, a phase 

with a lattice of the NaCl type appears for the first time. 

It corresponds to the solid solutions Fe, _,Ni,0. Figure 2, 


however, shows that. the lattice parameter is higher at the 
reduction with admixtures. This points to 4 higher iron ‘content, 
and proves that the rate of spatial diffusion of the ions in 
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ASSOCIATION: _ 


: SUBMITTED: 


~ cara: 3/3 


: the solid. ‘phase is inferior to the rate of oxygen extraction 
‘by the reducing substance. In the case of graphite, it is the | 
‘gaseous carbon oxide. The present experimental material renders 


possible some suppositions on the possible mechanism of influence — 


- of the mentioned admixtures (Refs 3, 5, 6). Their 
‘intoduction changes the reactivity of the oxides and ferrites, 


i.e. it changes the rate of the process. There are 2 figures 
and 7 Soviet references.: 


Institut: ws tallurgié Vel takogs filiala Akademii nauk SSSR 
(Institute of, Metallurgy of: the Ural Branch of the Aoadeny, 


_of Sciences » USSR) 


Mareh 16, 1959 x 
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qITbB: on the Accelerating Effect of potash Addition on Magnetite — 
me oe on the Acces eregraghite (Ob uakoryayuahches Tivane* dobavki 
-potasha na vosstanovientye magnetite grafitom eames 


auk ‘SSSR, 1959 Yol 126, Nr 4s 


PERIODICAL: ‘Dokledy Akademii n 


pp 831 833 
(UBER) eee ee 


sses take place aimultane 


f golid carbon: a) reduct 


ABSTRACT: Ag is known 2 proce 
. ) coal gasification by C0,. More- 


auctions by means 0 
by means of gaseous CO and b 


over, it is known that additions of alkali metal salts may ac- 


Selerate. the reduetion both by gaseous (Refs 1-3) and by solid 
They may also accelerate the. 


(Refs 4-6) reducing substances. 

mentioned gasification of the carbon (Refs 9,10). In this cons 
nection it must be determined whether the mentioned additions 
act. on the two metal reduction reactions by solid carbon to the 
game degree or to different degrees. For the purpose of solving . 
this problem the authors investigated the effects, brought a- 
bout: by the introduction of K,CO, (2 wt %): first on oxide and 
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then on graphite. Experiments without additions were carried 
out for the purpose of comparison. The initial materials as 2. °°) 
well as the methods are given in reference 6. As igs shom by... 

- figure 1 the reduction rate in. using graphite at 950° was the == 
game, both, with addition or without. A potash-addition to the 
oxide, however, led to a considerable acceleration of the. 
procesa at 950°%-as well as at 1000°. It may be seen from fig- . 
ures 2 and 3 that in the case of 4 previous roasting of graph-"~ 
ite or of the oxide with potash at 1000° for 4 hours the intro-. 

- auction of the.addition into the graphite did not change the 


rate of reduction: the potash-addition to Fe,0, however, con- 


siderably accelerated this process. By means of special ex- 


periments it was found that if a mixture Fe,0, + 2% K,C0; is 
roasted at 900° in the vacuum for 2 hours 0.73% K,0 is obtain- 
ed in the oxide. The CO, formed due to the decomposition of: . 
| K,C0, and part of, the K,0 escape. In roasting Fe,0, + 2% K,C0, 
“ats 000° for 4. hours 0.25% K,0 remain in the oxide. As is known’: ! 
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on the Acceleration Effect of. Potash Addition . gov /20-126-4-39/62. 
-- on. Magnetite Reduction With Graphite... aed On Rts ee 


K,0 is very volatile. A part of its molecules is absorbed in’ 
the process. of roasting. and in the reduction on the reaction ==. . 
surface of the oxide: being reduced. For this reason. the econ-9 
centration of. the electronic and the hole gas in the crystals. 
is changed (Ref 7). This brings about a change of the reacti- 
vity of the oxide, The result which seems to be in contrast 
with the data from publications (Refs 9-13), according to Se ea 
which the reducing power of graphite after the roasting with — 

KACO, at 900-1000° is not changed, is due to different. condi- = 


tions of interaction of the authors compared with the papers 
mentioned. From the rasgults the conclusion is drawn. that ‘the - 
potash addition acts on the interaction of CO (the actually . 
reducing ‘ substance) and not on’ the reaction ofthe gasifica- =. 
tion.C + CO, = 2.C0. There are 3 figures and 13 references, 


9 of which are Soviet. 
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as USSR, . otina, Vv. Ao : : 


: - TITLE: ‘Reduction of Copper Ferrite by Graphite 
-- PERTODICAL: ‘Doklady Akademii nauk SSSR 1959, Vol 126, Nx 6, pp 1210 - 1213 ° 
eas ee > (USSR) ene TE ige a- : 4, eae a 
“The authors. investigated the kinetics and mechan: 
duction of tetragonal and cubical copper ferrite in the vacuum. — 
The graphite used for this purpose was prepared from pulverized 
Acheson electrodes by roasting at 1200 without access of air, 
then at 1000° in the vacuum. The ferrite was annealed in the air 
in. a mixture of Cu0+Fe,0; at 1000° for 30 hours. The products of 


sintering were exposed for 3 houre at 700° for obtaining 4 prod= 
uct with tetragonal lattice, and cooled down together with the | 
furnace. The cubical form was obtained by quenching in water 
directly after annealing- The ferrite quantity weighed was care~ 
fully pulverized with graphite. The experiments were made in 4& 


vacuum apparatus (Ref 6). The reduction was carried out both 
below the point of tranaformation (760°) of tetragonal yy 


ABSTRACT: anies of the re- 
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Reduction of Copper Ferrite by Graphite . gov /20-128-6-32/63 
into the cubical form (spinel), jee. at 650, 700 and 750°, and 
above this point. (800, g00,.1000°). Figures 1 and 2 show the 
curves. of reduction of tetragonal ferrite. Below 900°, a low- 
percentage reduction (11,10,24 and 35%, respectively) was at-- 
¢ained.. At 900 and 1000°, the sample was reduced with 100%. The 
initial stage of reduction exhibits the highest reaction rate. 
Then it falls rapidly, and is very low at a reduction of 40-50%. 
Above 50%, the reaction is again accelerated (Fig 2, right-hand 
side). Figure 3: compares kinetic curves representing the de- 
pendence. of the reduction. rate of tetragonal and cubical ferrite 
on the. reduction degree at 700, 800 and 1000°. This shows that 
the reduction rate of cubical ferrite, at equal temperatures, is 
lower than that of tetragonal. ferrite. Besides, there is no max~ — 
{mum rate in the 1st stage, in the case of cubical ferrite. At 
the beginning, the gaseous reaction products consist of CO and. 
CO,-mixture (60-65% CO,)- after a 70% reduction, they consist 


of almost pure CO. Subsequently, the roentgenogram of the solid 
reaction products is discussed, and & presunable mechanism of 
the crystal-chemical transformation during the reduction of the 
two forms is suggested: CuFe,0, — Cu + Fe,0,5 Fe,0, — Fed; 
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, 


Fed > Fe, The reconstruction of the lattice of tetragonal fer- 
rite into cubical ferrite proceeds simultaneously with the re- 
duction process,.and influences the peculiarities of the latter. 


There are 3 figures and 7 references, 3 of which are Soviet. 
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AUTHORS : Moskvicheva, AsGes and Chufarov, G.I. 
Reduction of iron oxide and magnetite by mixtures of 
hydrogen und carbon monoxide at iow temperatures 


PITLE? 
suRTODIGAL: Zhurnal prikladnoy khimli, ve 531 Fo 10, 1960, 
ee gel OPIS Te 2 es BOF. 
ementary experimental work hag been done on the reduc- 
‘mixtures of hydrogen ang carbon monoxide ae es 
of 240 ~ 260 mm Hg. The gaseous products were 
The CO,-water ; 


uuyies. Suppl 
Thon of iron - cides by 
27590 under pressures 


coiiected in a receiver cooled with liquid nitrogen. 
‘apor mixture was analyzed by fractional a@istillation, the CO» Say ae 
‘aistiLling-off at -15° and the water at room temperature. ‘The per-... ue 
centage reduction-time curves are given, showing that the higher : 

ture the higher the reduc-. —— 
he reaction a as 


f GO in. the initial mix 


‘the percentage 0 
sition of the gaseous products of t 


tion rates The compo 
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keduction of iron oxide and .-- D216/D306 = 


is. given in tabulated. form. Where the CO concentration in the ini- — 

tial gas is small to effect the reduction of Fe,0, to PexOys Pao/ 

, When the concentration of CO is increased the ratio Po, : 
aes ae : O05! “HyG 


Py 
é me 
nec fhe effect of water vapor on the re-. | 


ater vapor concentra" 2 
put itis. geested. 


rate with higher. 
-elearly indicated. Also the composition o 
the resulting gaseous products are shown in tab 
perimental work done confirms the theoretical k 
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Reduction of iron oxide and... © D216 D306 
tion of iron oxides by H,/CO mixtures. Carbon monoxide shows grea- 


ter activity for ferric oxide and hydrogen for magnetite. Compara- 
tively small additions. of CO to H, (5 - 20 %) are additive in their 


effect on the reduction of Feo03, but small additions of Ho to cQ- 
retard the first stage of: the process. There are 2 figures, 2 ta- 
“bles and 6 Soviet-bloc references. 


SUBMITTED: January 25, 1960 
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: re ae ee . g/076/60/034/012/007 /027 os 
oP tacit ae oe B020/B067 en 
AUTHORS: ° ghuravleva, Ms G., Bogoslovakiy; V- N., and Chufarov, g.18 SE8 
TITLE: Effect of Additions of Potassium and Sodium Carbonate on. the 
Reduction of Oxides and Ferrites of Nickel and Cobalt py . 
Graphite ie 


“PERIODICAL: gnurnal fisicheskoy Khimil, 1960, Yol. 34, Nos 12, 
Cae pel RTOMRTOB og ae ae 


TEXT: Nickelous oxide was obtained by: decomposing nickel nitrate at. ; oy 
1100°G on air while cobalt oxide was obtained by thermal dissociation of oe oe 
Co.,0.,- at 950° in nitrogen atmosphere. The corresponding ferrites were af i 
prepared by a 30-hour annealing of the oxides in a mixture with iron —_— 
oxide at. 1200°C. Acheson graphite which had been annealed at 4100° in 

yacuo was used as _oxidzing agent. Sodium and potassium carbonate were 

taken in quantities of 1 wt% of the oxide or ferrite, and graphite was 

taken in a quantity which was three times higher than the amount necessary ~ 
for the reduction to the netal. The weighed portion was Q.5¢0f the mixture. = 
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Boole Pee Sa 


nfrest of Additions of Potassium and Sodium 3/076 60/034/012/007/027 
Carbonate on the Reduction of Oxides. and B020/B067 
Ferrites of Nickel and Cobalt by Graphite. 


he reduction of nickelous oxide with graphite at 700°C is delayed ‘ap a00n. 
as a yield of 50% is attained. In the presence of 1% .K,CO, or Na,c0, the = 


- peduction is accelerated and completed. The accelerating effect of 
potasaium and sodium is almost the same. Cobaltous oxide is reduced at 


higher temperatures than ‘Aickelous oxide, and the Kinetic ourves have no. 
maxioun (Fig. 2). The addition of K,00, oF Na,cO, increases the reduction 


rate at 800° by many times. In this ‘case the effect of K,00, is atronger 
‘than that of. Na,C0,- Also the reduction of nickel ferrite is accelerated 


by adding the above-mentioned salts. In-this case the initial reaction . 
temperature is also reduced (Fi accelerating effect of potassium 
carbonate is higher th ‘of - onate. Also the reduction of 
cobalt ferrite is cons ce. ng the salts. The 
reduction of nickel ferri a r the formation 
of metallic nickel whose lattice parame During the. 
reduction between 35 and 50% the lattice parame 
Ni - Fe do not change. The results of the X-ray struc 
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Effect of Additions of Potassium and Sodium --$/076/60/034/012/007/027 
Carbonate on the Reduction of Oxides and B020/B067 Bee ee a 
Ferrites of Nickel and Cobalt by Graphite = ‘a 


the reduction products of nickel ferrite show that the phase with 2.200225 
spinel lattice, i.e., ferrite, is present in all. reaction stages to | 
almost 70%. The phase with NaCl lattice, which in this case corresponds 
to wistite or the solid solution of Fe(Ni)O, was first observed in small Se 
quantities with a 51% reduction, while it predominates with a 71% reduction . 

The: metallic phase which is formed in the reduction: of nickel ferrite 99.0: 
with additions is a solid. solution of iron in nickel. The change of the =. 

lattice parameters of this phase is shown. The phase composition of the _ 

solid reduction products and the parameters of the metallic phase indicate | 
that in the reduction of nickel ferrite.with additions the number of the 
Fe-ions' which pass into the metallic phase is higher than in the reduction. - 
without additions. There are 5 figures and 8 references: 7 Soviet and1 US. /. 


ASSOCIATION: - Ural*skiy filial AN SSSR, In-t metallurgii (Ural Branch 
y ** of the AS USSR, Institute of Metallurgy ) ee we 


SUBMITTED: March 10, 1959. 
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8/020 0/60/1 32/05/28/069 
BO11/B126- 


AUTHORS: - Scecieve;, ry ac Chutarov, Go Tog corsesponting mate 


48 USSR), ‘ragnin 2. P 


no ? 
TITLE: tee es Reduction of anese pail” by Hydrogen and. Graphite: 


; PERIODICAL: Doklady akadens4: nauk ‘SSR, 4960, Vol. 132, No. 5s 
PP: 1074 "= = AOTT. 


: TEXT: 

 glosed ‘spparatie: with gas. 

“pises as the reduction progress 
oxygen removal (Figs 1). The red and comes prac- 
tically to a halt after removal % eau 


tural analysie ‘the. sample contained: tari i 


The use of graphite powder ina vacuum of about 1072 nm caused the re~ 
duction rate to decrease with progressing process (Fig. 2). The kinetic | 
curve shows a clear minimum at about 25% reduction. The reduction then 
accelerates & little, only to sink to nil towards the end of the reel 
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“Reduction of 3/020 60/132/05/28/069 
_ Graphite on aS _ Boi1/B126 ie, 


"Graphite completed 
gan’ only be. proved. 


formed by cooling. pg of potassium or sodium 


carbonates accelerat errite (Fig. 2). & phase 


with a Spineli-like lattice, similar ferrite used, is 
present in an 18.93% reduced sample, but it cannot be proved at 28.0%: 
reduction. A phase with an NeCl-like lattice (which corresponds to the 
sub-oxide phase of MnO), is present in all samples. Its lattice para- 
meter increases with the percentage of the reduction and approaches the | 
size of the Mn0-lattice, without, however, reaching it (Figo 3) On the 
basis of these data the authors give & reduction mechanism of manganese= 
‘ferrite: when the oxygen is removed, a surplus of metal ions is formed 
on the surface of the crystal lattice. They can either form & ferrite 
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Reduction of Manganese Ferrite by Hydrogen and 9/020/60/132/05/28/069 
Graphite Ee ey SEE te B011/B1 26 ia 
lattice .or.a metal phase. Which process predominates depends on the - 
ratio of oxygen removal rate to the reaction diffusion. When hydrogen 
is used for the reduction, the oxygen Yemoval rate is higher than that - 
of the diffusion. When graphite is used for the reduction, both rates .— 
-are commengurable. The admixtures of alkali metal salts accelerate the = | 
chemical interaction of both the reducing compound and. of that which 
is to be reduced. This is related to the variation in the electron con- eee 
dition of the lattice, into which univalent ions penetrate (Ref. yee fA 
- Phere are 3 figures and 9 references: 4 Soviet, 4 American, and 1 German. 


ASSOCIATION: Institut metallurgii Gral'skogo filiala Akademii nauk SSSR 
Seana ee “(Ing titut of. Metallurgy of the Ural Branch ‘o2 “the “Acadeny | as a 
of Boiences, USSR) ed 


| SUBMITTED: March 14, 1960 - 
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“QITLE: 


"PERIODICAL: 


Boers : 
- quartz spring. 
for reduction. 
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- ghuravleva; Me G., Chufarov, C- 
of the AS USSR; and Knromykty ie. ee 


Doklady Akademii nauk SSSR, . 1960, 
it _ pp. 385. -. 388 hae 
- (EXT; . The authors studied: 

-gtrontium on the reduction 

oxide at 990°C. They also.c 

the solid phase of magnetite during reduction 
. They applied the method of: continuous weighing by means of:a 
I ‘The graphite used was three times the quantity: required 
The above metals were added.-in the form of carbonates ee 


(1% of the oxide weight). The C0, 


determined by freezing and subsequent evaporation. 


3/020 60/135/002/031 /036 os 
-B016/B052 bass - : ae oe pee 


Ts Corresponding Member 


~ [Influence of Carbonates of Alkali Metale and Alkaline a 
Earths on the Reduction of Iron by Graphite _ a Bee 


Vol. 135; No. 2) 


the effect of lithium, cesium, rubidium, and. 
kinetics ‘of magnetite, wustite, and ferrous. 
arried out an X-ray structural analysis of 
and with a 1% addition of! 


content in the gas was continuously — 
It is shown that _ 
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Influence of Carbonates of Alkali Metals and s/020 60/135/002/031/036 
Alkaline Earths ‘on -the Reduction of Iron by. BO16/B052° ene gue eoie ae 
“Graphite. 0 202 nr nee oe, : ae 
Rb and Cs salts accelerate the reduction of magnetite considerably. This | of 
effect is particularly strong at the beginning of the process. This is Pane es 
- explained by the high volatility of ‘Rb and Cs salts which, at 950-990°Cy.. -- 
quickly disappear fron. the reaction zone, a8 Was shown experimentally. ee a 
grCO, mainly accelerates the second stage of the process. The effect of ° 


14,00, 8 low. Fig.2 illustrates the, reduction of ferrous oxide by | : 
graphite with and without the addition of the four carbonates. In'this 
case, the addition of lithium was also: ineffective. SrC0,, howevery : 
accelerated the process by a multiple.: The character of kinetics remained ;/°. 
unchanged. Ga,00,,,1ike K,00,, accelerates’ the 7écuer'on already at the ams 
" peginning. The process. starts at maximum rate and slows down after a. be eae 
40-50% reduction.: Summing up: The accelerating effect of alkali metals 


on the.reduction of iron oxides ‘with graphite increases during the 
transition from light to heavy metals, and is due to the action of ions 
of monovalent metals on the electron state in the crystal lattice of - 
jron oxide. The salts of divalent alkaline earths (src0;) mainly 
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Alkaline: Earths on. the Reduction of Iron by BO16/B 
Graphite - Of 


necelerate the: Sodaotioa: of: euatite: ae the metal. This. is closely re- 
‘lated to-the redistribution of electron density in the imperfect struc- 
_ ture of wustite, There are A figures and 3 Soviet references. 


ASSOCIATION: tistitut aetalluceil Ural! skogo filiala Akademii nauk: SSSR 
(Institute of Metallurgy of the Ural Branch of the 
Academy . of Sciences USSR) 


SUEMEDTED: July, 19) 1960 
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§/126/61/012/005/010/028 a 
-B111/E435 tet 


“AUTHORS: Shabalina, 0.K., Chufarov, Gel. 


TITLE: _ Mechanism and kinetics of the decomposition of =. 
wustite. I a ee alt eed 
PERIODICAL: Fizika metallov i metallovedeniye, v-12, no.5, 1961,. es 
6972702 os Oh a o ve ee 
TEXT: Wistite decomposition below 570°C is important in both 02: 
scaling and iron-oxide reduction. “The authors have therefore” ae 
carried: out an investigation in which special attention was paid to | 
- changes in the microstructure of the free Wustite surface during 
decomposition and to the kinetics of the process: asa whole. The 


process takes. place in two stages: 


al 4y)Fe;_,0-9 (is- 4x) Fe, _,0 + (x- y)Fe30) ; x > , qa) : ey 
4Fe,_yO—>Fe50, + (1 - Ay)Fe, oo 2) 


' WYustite was prepared by oxidation of armco iron with a C0-C0o. 
atmosphere (2:3) at 1040°C cooling to 800°C and quenching. The 
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POT Vg Lee Ben -$/126/61/012/005/010/028 ~ 
‘Mechanism and kinetics of os. _ELLI/E435 — Lae 


_Wustite scale was chipped off to give 4 x 10 x 0.3 mm coarsely =. 
crystalline plate specimens, These plates were vacuum annealed at 
.350°C for various periods. ' Decomposition was studied by . eae kg 
qualitative X-ray structural phase: analysis on the powdered. scales: 
in a high-resolution camera, The lattice parameter of wustite and 
its: decomposition products were determined. Magnetic analysis 
(Ref.10: Kifer, I.I. and Pantyushin, V.S., . Testing of a 
Ferromagnetic. Materials.Gosenergoizdat, M.-L, 1955) was used for 
following the process. quantitatively, the specific magnetization 
being determined with the aid of a standard nickel specimen, An 
electron microscope with a resolution of 100 A_ was used to study 
decomposition. on the free surface. The inner and outer faces of 
the scale: were studied by X-ray structural analysis; rapid 
photography with focusing. on the. strongest structural lines. of the 
phases was used for phase analysis; the parameter was determined 
by back reflection, KgCo radiation was used in all the X-ray work, 
Powder X-ray patterns showed the initial specimens to be: Feg 9950 
but there were signs of the start of decomposition on the: 
outer side of the scale. .The lattice parameter there was 4,299 k, 

that on the inside having the average value of 4,302 A. A multi~ 
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‘Mechanism and kinetics. of ate : E111/E435 _ 


ptep: relief’ was found. electron. bai ceoncaniealiy on the ‘ater 
surface, that on the inside: ‘being typical of crystal cleavage. 
Observations: on the decomposition at 350°C showed that within 
15 minutes the process had spread to the inner face. At the outer 

_ face there was more: metastable than original Wustite. With 
further decomposition, Wustite disappeared first from the outer. 
and then the: inner. face} .the hypoeutectoidal formation of 
magnetite was: accompanied by the appearance of fairly. dense ~_ se 
formations at both ‘the. inner and outer faces. The course of. the 
process is shown by Fig.4 (specific. saturation magnetization -6, | 
as function of. tine (log scale) in hours): in about 1 to 1,5 hours 
the first-stage reaction (1) is completed, This enables o, to... / 
be checked by calculation, ‘values of x and y being obtained... |. - 
‘from parameters of the original and metastable Wustite (Ref.3: : 
Marion M.F. Doc, metallurg., no.24, 1955, 87) and using the. ae 
tabulated. og value. for: magnetite. - Satisfactory agreement was. > 
obtained, ‘After. 2 hours holding.at 350° C, the second ae oe 
eutectoidal- -decomposition stage of the process begins, iron being. 
detected on the outer ‘side of the scale and, after 5 hours, on the 


ere 3/ 


APPROVED FOR RELEASE: 06/12/2000 CIA-RDP86-00513R000509030003-1" 


"APPROVED FOR RELEASE: 06/12/2000 CIA-RDP86-00513R000509030003-1 


ae : a be “§ /126/61/012/005/010/028:.. 
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_ inner side. On both sides, numerous pores about 0.1 micron ing 
size appeared. This porosity is more pronounced than that.in the — 
first stage. Pore formation is due to coagulation of vacancies 

| caused by diffusion of iron ions, which in the Wustite lattice | 

occurs more rapidly than ‘diffusion of. oxygen ions. There are ; 

7 figures and 13 references: 7 Soviet-bloc and 6 non-Soviet-bloc. 


“ASSOCIATION: | Institut metallurgii UFAN (Institute of 
eee Metallurgy-URAN) 00 oe one ems 


“SUBMITTED: March 6, 1961 
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